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Plasmodium vivax (GRASSI & FELETTI) occurs as two distinct polymorphs, VK210 and VK247, that are widespread in Southeast Asia and South America (Rosenberg et al. 1989) . In areas where the two polymorphs coexist, intrinsic biological differences between the polymorphs may affect their survival (Suwanabun et al. 1994) . Burkot et al. (1992) reported that ßuctua-tions in the proportion of mosquitoes infected with the two polymorphs may reßect humoral immune pressure on the VK247 strain, whereas Suwanabun et al. (1994) found that ratios of VK210 to VK247 were signiÞcantly higher at the end of the nontransmission season than during the annual monsoon. More recently, Rodriguez et al. (2000) reported that Anopheles albimanus Wiedemann was more susceptible to phenotype VK210 and less susceptible to phenotype VK247, whereas A. pseudopunctipennis was the opposite. The geographic distribution of the two P. vivax phenotypes in southern Mexico reßect the distribution of the anopheline mosquitoes, with patients living on the coast infected with VK210 and patients living above 170 m above sea level infected with VK247 (Rodriguez et al. 2000) .
Although biological differences may account for differences in the temporal and geographic distribution of P. vivax phenotypes VK210 and VK247 , Suwanabun et al. 1994 , Rodriguez et al. 2000 , mixed VK210 and VK247 infections in humans do occur. In Thailand, 18.6% (133/715) of P. vivax cases were mixed VK210 and VK247 infections, with Ͼ50% of all cases in Trat province mixed (Suwanabun et al. 1994) . In Mexico, one individual was infected with both P. vivax phenotypes (Rodriguez et al. 2000) . Studies by Wirtz et al. (1992) and Suwanabun et al. (1994) have demonstrated that laboratory-reared mosquitoes fed on gametocytemic patients develop mixed VK210/VK247 infections. Wirtz et al. (1992) reported that mosquitoes fed on 15% of 235 patients produced sporozoites that reacted to both VK210 and VK247 ELISAs, whereas Suwanabun et al. (1994) reported 18% of feeds on patients resulted in mixed infections.
Studies on infection of wild populations of anopheline mosquitoes with P. vivax have documented that VK210 and VK247 phenotypes commonly infect mosquitoes in the same geographic region , Bangs et al. 1996 , Frances et al. 1996 , Achee et al. 2000 , Hii et al. 2000 . Although mixed P. falciparum and P. vivax infections have been reported in a single mosquito (Bangs et al. 1996) , there are no published reports documenting natural mixed infections of P. vivax VK210 and VK247 in anopheline mosquitoes. In this article, we report the Þrst docu-mented naturally occurring mixed VK210/VK247 infection in anopheline mosquitoes.
Materials and Methods
The study was performed from June 1999 through June 2001 in the village of Ban Kong Mong Tha, Laivo Tambon (Sub-District), Sangkhlaburi Amphur (District), Kanchanaburi Province, western Thailand. The study was approved by the Ethics Committee of the Ministry of Public Health (MOPH), Bangkok, Thailand, and by the Human Subjects Research Review Board of the United States Army, Fort Detrick, MD.
Mosquitoes were collected as part of a longitudinal study on the epidemiology of malaria in this village. Thick and thin blood Þlms were prepared each month from May 2000 until June 2001 from all individuals present in the village who had consented to participate in the study. Blood Þlms were stained with Giemsa and checked for the presence of Plasmodium parasites. Mosquitoes were collected from two houses per night (1800 Ð 0600 hours) on each of four successive nights each month (June 1999 through June 2001). Mosquitoes were collected in glass vials as they attempted to probe on the exposed legs of volunteers. Four volunteers collected mosquitoes at each houseÑ two indoors and two outdoors. At the end of each night, mosquitoes were returned to the Þeld laboratory in Ban Kong Mong Tha where they were provided with 10% sucrose until they were returned to the AFRIMS laboratory in Bangkok. Mosquitoes were identiÞed to species and parity determined. All mosquitoes except for A. minimus were tested individually by ELISA. Anopheles minimus were tested in pools of Þve or fewer mosquitoes, with pools consisting of individual mosquitoes collected at the same time and location. The head and thorax of each mosquito and the abdomen were tested separately by ELISA for the presence of circumsporozoite (CS) protein to Plasmodium falciparum, P. vivax VK247, and P. vivax VK210 according to procedures of Wirtz et al. (1985 Wirtz et al. ( , 1987 Wirtz et al. ( , 1992 .
Results
During the period May 2000 through June 2001, a total of 6,031 blood Þlms was prepared from Ϸ650 individuals living in Ban Kong Mong Tha. In total, 266 (4.4%), 330 (5.5%), and eight (0.1%) slides were positive for P. falciparum, P. vivax, and P. malariae, respectively. Polymerase chain reaction was subsequently used to determine the phenotype of 276 P. vivax-positive blood Þlms. The phenotype was determined in 185 (67%) of the 276 samples. Fourteen (7.6%) of the samples were pure VK247, 151 (81.7%) were pure VK210, and 20 (10.8%) were mixed VK210/ 247. Details of these studies will be published separately.
A total of 8,759 adult anopheline mosquitoes, representing 29 species, was collected over the course of the study. Of the 8,759 mosquitoes collected, 8,452 (96.5%) were tested by ELISA (Table 1 ). The remaining specimens were saved as voucher specimens in the AFRIMS museum. Of the 8,452 mosquitoes tested by ELISA, 17 were positive for Plasmodium CS protein (minimum infection rate ϭ 0.2%). ELISA-positive mosquitoes included A. minimus infected with VK210 (5), PF (3), and both VK210 and VK247 (1), A. maculatus infected with VK210 (1), VK247 (1), and both VK210 and VK247 (1), A. campestris infected with VK210 (2), A. sawadwongporni infected with VK247 (1) and PF (1), and A. hodgkini infected with VK247 (1). Details on ELISA-positive mosquitoes are provided in Table 2 . Additional details on the mosquito collection (e.g., daily activity, temporal and geographic distribution, parity rates) will be published separately. Rodriguez et al. (2000) reported that two main malaria vectors in southern Mexico differed in their susceptibility to P. vivax phenotypes VK210 and VK247, and attributed differences in the geographic distribution of the phenotypes to vector distribution. In contrast to southern Mexico, both P. vivax phenotypes are widely distributed in southeast Asia, although VK210 is more abundant in Thailand (Suwanabun et al. 1994) . Burkot et al. (1992) suggested that development of antibodies to the CS repeat regions caused alternating waves of the two P. vivax phenotypes in Papua New Guinea; however, data from a longitudinal study in Thailand found no evidence that either CS epitope was selectively suppressed by host immunity (Suwanabun et al. 1994) . Suwanabun et al. (1994) found that VK210 was more abundant during the last months of the dry season each year, and suggested that the VK247 polymorph might persist for a shorter time in humans, have a longer extrinsic cycle in the vector than VK210, or might be more infective to vector species common during the rainy season.
Discussion
Of the Ϸ74 species of Anopheles mosquitoes recognized in Thailand, only A. dirus, A. minimus, and A. maculatus (all complexes) are considered important malaria vectors (Chareonviriyaphap et al. 2000) . Eighty-two percent (14/17) of the positive mosquitoes in this study were members of these three complexes (A. minimus, A. maculatus, and A. sawadwongporni) . Two VK210 isolates were found in A. campestris and a single VK247 isolate in A. hodgkini. Although not a major malaria vector in Thailand, A. campestris is a documented vector of malaria in Malaysia (Thevasagayam et al. 1979 , Rahman et al. 1997 . The head/thorax of both specimens were positive, sugesting that these specimens may have been infectious. Little is known about the vectorial capacity of A. hodgkini; however, one of two specimens tested by ELISA was infected. It is not known whether this mosquito was infective, as only the abdomen tested positive by ELISA.
Anopheles minimus is the predominant anopheline mosquito in the village of Ban Kong Mong Tha, comprising 56% of the total adult mosquito collection. Adults are found throughout the year. Due to the large number of A. minimus collected, mosquitoes of this species were tested by ELISA either as individuals or in pools of from two to Þve. The majority (9/17) of Plasmodium-positive mosquitoes belonged to this species (Table 1) , with P. falciparum and P. vivax VK210 the predominant species detected. One pool of Þve A. minimus was infected with both VK210 and VK247. It is impossible to determine if this was an individual mosquito infected with both P. vivax phenotypes or whether this was two separate mosquitoes, each infected with a given P. vivax phenotype. However, the combination of a low minimum infection rate (0.1%, 6/4,632) in A. minimus and the fact that 10% (20/185) of human vivax malaria cases in Ban Kong Mong Tha were mixed VK210/VK247 infections (unpublished data) makes it likely that this was a single mosquito infected with both VK210 and VK247.
Anopheles maculatus group (A. maculatus and A. sawadwongporni) mosquitoes comprised 27% of the adult mosquito collection, with 29% (5/17) of infected mosquitoes belonging to these two species. Anopheles maculatus occurs year-round, whereas A. sawadwongporni is most abundant during the end of the rainy season (OctoberÐNovember) and during the winter months (DecemberÐFebruary). A single A. maculatus collected during February 2000 was infected with both P. vivax VK210 and VK247. This is the Þrst published record of a single mosquito naturally infected with both P. vivax phenotypes.
